Objective: The aim of the study was to assess the complex of autoantibodies which can be detected in patients with autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy (APECED), a rare autosomal recessive disease in which the extent of autoimmunity is still unknown.
Introduction
Autoimmune polyglandular syndrome type 1 (APS 1), by now referred to as autoimmune polyendocrinopathycandidiasis-ectodermal dystrophy (APECED; OMIM 240300), is a rare autosomal recessive disease which maps to chromosome 21q22.3. A novel gene, de®ned AIRE (for AutoImmune REgulator), has been isolated from this region: the resulting 545 amino acid product contains sequences suggestive of a transcription factor, including two plant homeodomain-type zinc-®nger (PHD-®nger) motifs, a proline-rich region and three LXXLL motifs (1) . Chronic mucocutaneous candidiasis (CMC), hypoparathyroidism and Addison's disease represent the classic triad of APECED; hypogonadism, type 1 (insulin-dependent) diabetes mellitus (IDDM), hypothyroidism, gastric parietal cell failure, autoimmune hepatitis (AIH) and several ectodermal dystrophies have been described in a varying percentage of cases (2, 3) .
The main markers of autoimmunity in APECED patients have recently been identi®ed (4): three cytochrome P450 (CYP) enzymes, namely cholesterol sidechain cleavage enzyme (CYP11A), 21-hydroxylase (CYP21) and 17a-hydroxylase/17, 20 lyase (CYP17), are targets of adrenal/gonadal antibodies (5±7), although there is no general agreement regarding the main adrenal autoantigen (4) . Autoimmunity to pancreatic islet cells and glutamic acid decarboxylase 65-kDa isoform (GAD65) has been observed in many APECED patients, with and without IDDM (4, 8±10) . With regard to APECED-associated AIH, CYP1A2 and CYP2A6 have been identi®ed as targets of liver-kidney microsomal antibodies (LKM-A) (11) . In contrast, no previous studies have been performed on APECED patients to establish the prevalence of autoimmunity to other antigens, such as tyrosine phosphatase-like protein IA2, insulin, thyroperoxidase and thyroglobulin, which may be autoantibody targets in their respective autoimmune diseases (12, 13) .
Here we report the distribution of organ-speci®c and non-organ-speci®c autoantibodies in APECED patients living in the Salento region of southern Italy. Interestingly, in addition to several organ-speci®c autoantibodies, we detected markers of non-organ-speci®c autoimmunity in almost all subjects.
Subjects and methods

Subjects
The presence of organ-speci®c and non-organ-speci®c autoantibodies was evaluated in eleven APECED patients from Salento, a geographically delimited region of southern Italy. Seven of the patients originated within a radius of 15 km of the chief town of the province, Lecce. There were three pairs of siblings (patients 1 and 2, 3 and 4, and 7 and 8). The clinical characteristics of the population studied are summarised in Table 1 . Diagnoses of the disease components were made according to Ahonen et al. (3) , with the exception of atrophic gastritis, which was diagnosed by supranormal levels of plasma gastrin and endoscopic and microscopic examinations. Of the patients reported as having AIH, patient 6 had sudden severe hypertransaminasaemia (about twelve times the upper normal limit of alanine transaminase, with normal serum alkaline phosphatase) and underwent therapy with prednisone and azathioprine, which was followed by complete response (de®nite AIH); his parents refused a liver biopsy. Patients 2 and 9 had intermittent increase in serum transaminases (up to three times the upper normal limit of alanine transaminase, with normal serum alkaline phosphatase) and persistent hypergammaglobulinaemia, but neither underwent liver biopsy or immunosuppressive therapy (probable AIH) (14) . In these three patients, other causes of liver damage were carefully excluded. Sjo Ègren's syndrome was diagnosed according to current criteria (15) . Among ectodermal dystrophies, keratitis was present in patient 9, alopecia in patients 1, 2, 4, 9, 10 (areata) and 6 (universalis), vitiligo in patient 6, and tympanic calci®cations in patients 1, 5 and 6. In addition, all the patients had varying degrees of dental enamel hypoplasia. Patients came to our notice at various ages. After initial clinical and laboratory assessment, follow-up was carried out every 3±6 months. If negative, antibodies were periodically re-assayed. If positive, they were further assayed only in the absence of related organ failure. 
Immuno¯uorescence assays
À À ? IDDM À À À À À À À À À À À Hypothyroidism À (4) À À À (10) (11) À (13) À À Atrophic gastritis Nd À À À À À À À Pernicious anaemia À À À À À À À À (22) À À Autoimmune hepatitis À (9) À À À (13) À À (21) À À Malabsorption À (10) À À À À À À (12) À À Sjo È gren's syndrome Nd À À À À À À À À Nd, not determined.
Radiobinding and immunoradiometric assays
Antibodies to CYP11A (CYP11A-A), CYP21 (CYP21-A), CYP17 (CYP17-A), GAD65 (GAD65-A) and IA2 (IA2-A) were determined by a radiobinding assay according to previously described procedures (16±18). Brie¯y, 35 S-labelled recombinant human autoantigens were produced by in vitro coupled transcription/ translation, and immunoprecipitated with human serum at a 1:25 dilution. The antibody-bound antigen was separated by protein A-sepharose (Pharmacia, Uppsala, Sweden) and the immunoprecipitated radioactivity determined by liquid scintillation. Antibody levels were expressed as relative indices using one positive and two negative standard sera in each assay. Cut-off values were 0.061 for CYP11A-A, CYP21-A and CYP17-A, 0.035 for GAD65-A and 0.040 for IA2-A. Validation of the assays and determination of the upper limits of the normal range by using sera from healthy controls have been extensively reported (16±18). Kind gifts of full-length human complementary DNA for Insulin autoantibodies (IA-A) were detected by a radiobinding assay based on patient serum capacity to bind human 125 I-insulin in comparison with a reference blank (Biodata, Guidonia, Italy); samples having a value higher than three times that of the reference blank were considered positive.
Thyroid microsomal (TM-A), thyroperoxidase (TPO-A) and thyroglobulin (TG-A) antibodies were assessed by immunoradiometric assay (IRMA), using 125 Ilabelled protein A (TM-A and TG-A from Radim, Pomezia, Italy; TPO-A from Sorin, Saluggia, Italy). Samples were positive if the antibody value was higher than 100 U/ml (TM-A and TG-A), or 10 AU/ml (TPO-A), where AU was an arbitrary value related to a reference antibody preparation. Thyrotropin-receptor antibodies (TR-A) were assayed by IRMA utilising 125 I-thyrotrophin (Brahms, Berlin, Germany). Cut-off was 18 U/l.
Immunoblotting assays
Identi®cation of antibodies to extractable nuclear antigens was performed by immunoblotting utilising the following antigens from HeLa cells: SmB H /B and SmD, 70-kDa RNP, RNP A and RNP C, 60-kDa and 52-kDa SSA/Ro, plus occasional 40-kDa, 34-kDa and 33-kDa SSA/Ro epitopes (deriving from the major SSA/Ro antigens), 48-kDa SSB/La, Scl-70, Jo-1 and Rib P0 (ribosomal phosphoprotein P0). In this test the antigens, separated by electrophoresis, are ®xed onto strips which also contain internal reference with ®ve precoloured calibration bands. Brie¯y, patient sera diluted 1:150 and negative and positive controls were incubated with the strips for 15 min at room temperature with gentle agitation; the strips were rinsed and bound antibodies were identi®ed with peroxidase-conjugated rabbit anti-human IgG and IgM (Delta Biologicals). The appearance of blue bands and their position allowed autoantibody identi®cation.
Liver microsomal, mitochondrial and soluble protein fractions were obtained from liver homogenate by differential centrifugation and ultracentrifugation as previously described (11), while microsomes from human B-lymphoblastoid cells expressing recombinant CYP1A2, CYP2A6, CYP2C9, CYP2D6, CYP2E1 and CYP3A4 were purchased from Gentest Co. (Woburn, MA, USA). For Western blotting, the protein fractions and recombinant CYPs were separated on a 10% polyacrylamide gel under denaturing and non-denaturing conditions, and were transferred onto nitrocellulose ®lters. After blockage for 1 h in PBS, 0.1% Tween 20 and 5% non-fat dry milk solution, and incubation for 1 h at room temperature with patient sera at 1:100 dilution, the ®lters were incubated for 1 h at room temperature with a 1:1000 dilution of alkaline phosphatase-conjugated goat anti-human IgG, IgM and IgA (ICN Biomedicals, Aurora, OH, USA). The blots were developed using the nitroblue tetrazolium chloride/5-bromo-4-chloro-3-indolyl phosphate detection system (Promega, Madison, WI, USA).
Intrinsic factor antibodies (IFa-A) were detected by an immunodot assay using highly puri®ed intrinsic factor from porcine gastric mucosa dotted on nitrocellulose membrane strips (Alifax, Padua, Italy); in the test, serum samples were diluted 1:25 with PBS.
Results
The results are detailed in Table 2 . In the case of two or more measurements, the highest positivity is reported. In patient 2, not all assays were performed (the patient died at the age of 27 of oral carcinoma).
All the patients were positive for AC-A and SC-A. Among the ten patients who were assayed for antibodies to adrenal/gonadal CYP enzymes, CYP11A-A were found in nine patients, CYP21-A in eight, and CYP17-A in ®ve. In particular, patients 5, 6, 7, 8 and 11, who had Addison's disease of short-medium duration (<15 years), were all positive for CYP21-A, while CYP11A-A were absent in patient 5, and CYP17-A were absent in patients 7 and 11; in addition, patient 5 had positivity only for AC-A and CYP21-A at the time of adrenal failure onset; she underwent a re-assay for CYP11A-A and CYP17-A after the appearance of SC-A reactivity ten months later, and she tested positive for CYP17-A. Of the three patients with Addison's disease of long duration (>15 years), patients 1 and 4 were positive for all three CYP antibodies, while patient 9 tested positive for CYP11A-A. Patient 3 was positive for CYP11A-A and CYP21-A, and patient 10 for CYP11A-A; these two patients showed neither clinical nor laboratory signs of adrenocortical impairment according to the standard criteria (3). While patient 10 had a three-year follow-up during which his adrenocortical function remained normal, follow-up of patient 3 has only just started.
In the IF assay for SC-A, ovary theca cells were clearly stained in patients 4, 6, 7, 8 and 11; in these patients, a faint reaction with granulosa cells was also seen. Sera from patients 1, 3 and 9 strongly stained both theca and granulosa cells. In patient 5 only a weak reaction with theca cells was visible, while serum from patient 10 furnished a weak but diffuse staining. Of the subjects below 15 years of age, only patient 6 had signs of puberty onset (stage 2).
Patients 1 and 9 had positivity for IC-A and GAD65-A (patient 1 also had a borderline value for IA2-A), while IC-A and IA2-A were detected in patient 3; a slight positivity for GAD65-A was seen in patient 10. Fasting C-peptide measured by immunoenzymometric assay (Eurogenetics, Rivoli, Italy) showed no statistical difference between these four subjects and the others (mean 6 S.D., 2.47 6 1.69 vs 2.99 6 1.97 mg/l). All four hypothyroid patients were positive for TM-A and TPO-A, and two of them were also positive for TG-A. In patients 3 and 4, who were euthyroid, only TG-A were detected. Patients 1, 3 and 9 had positivity for PC-A and IFa-A, and evidence of atrophic gastritis, but only patient 9, who had associated malabsorption, developed pernicious anaemia. In IF on liver and kidney sections, patients 6 and 9 showed LKM-A immunostaining. A positive reaction against the microsomal 51-kDa protein band of CYP2A6 was observed with both patient sera only in Western blotting experiments performed under non-denaturing conditions.
All patients but one were positive for AN-A. In all sera a speckled pattern was seen; in the sample from patient 7, some nuclei gave a homogeneous pattern. However, only patients 1 and 3 ful®lled the diagnostic criteria for a connective tissue disease (Sjo Ègren's syndrome). The percentage of healthy subjects who in our laboratory routinely test positive for AN-A on HEp-2 cells does not exceed 5% of children of either sex at a 1:20 serum dilution, and 10% of adults at a 1:40 serum dilution. There is no substantial variation across subgroups spanning 20±60 years of age, but there is a higher prevalence in women (male/female sex ratio about 1:2). Target antigens of the AN-A positive sera were: SSB/La in patients 1, 3 and 6; 52-kDa SSA/Ro in patient 5; SmB H /B in patient 7; RNP A in patient 8; 40-kDa and 34-kDa SSA/Ro in patients 9 and 10, and 60-kDa in patient 11. SM-A, AM-A, dsDNA-A, IA-A and TR-A were negative in all tested patients (not shown in Table 2 ).
Discussion
AIRE encodes for a 545 amino acid protein, which contains two PHD-®nger motifs and other sequences common to transcription factors (1, 19) . It has been hypothesised that AIRE plays a role in the induction of self-tolerance, perhaps acting as co-activator of nuclear receptors involved in the process of clonal deletion: the defective apoptosis of self-reactive T cells would represent the pathogenesis of the disease (20) . It is suggestive that messenger RNA for AIRE is prevalent in the thymus, adrenal cortex and pancreas (1) . While CMC is the most evident result of defective T-cell function, autoantibodies to the adrenal cortex and pancreatic islet cells are among those most frequently detected in APECED patients.
It is well known that autoimmunity to adrenal cortex and gonads targets some steroidogenic enzymes; nevertheless identifying the major autoantibody target in APECED-related Addison's disease has been a somewhat controversial issue (4) . Some initial reports indicated CYP17 (21), CYP11A (22) , or both (23) as the adrenalspeci®c antigens in APECED. Apart from the prevalence of each autoantibody, other studies have found that CYP21 is the major antigen in autoimmune Addison's disease regardless of whether it occurs as isolated failure or in polyglandular syndromes (4±6, 18, 24 ). All our patients with adrenal failure of short-medium duration were positive for CYP21-A, while CYP11A-A were absent in patient 5, and CYP17-A were absent in patient 5 at the time of disease onset, and in patients 7 and 11. In addition, patient 10, who had isolated positivity for CYP11A-A, showed no signs of adrenocortical impairment throughout our follow-up. The negativity for CYP21-A in patient 9 may be explained by the duration of Addison's disease, which in several cases correlates inversely with AC-A and CYP21-A levels (24) .
On the other hand, all sera showed the presence of CYP11A-A and/or CYP17-A, which have been found to be major components of SC-A (4±7). As previously signalled (5), pronounced differences in the intensity of reaction with ovary theca and granulosa cells were seen even between patients having the same antibody pattern. Prepubertal ages of patients 5, 6, 7, 8 and 11 made it impossible to match the prevalence of hypogonadism with the positivity for SC-A and related CYP antibodies: previous studies have shown that these markers correlate signi®cantly to gonadal failure only in female patients (4, 5) .
Positivity for IC-A and GAD65-A is not infrequent in APECED patients: lower fasting C-peptide and ®rst phase insulin response have been found more often in patients with GAD65-A than in those without (9) . Three of our patients were IC-A positive, two of them with associated positivity for GAD65-A, and the other for IA2-A. There are no prospective studies on the development of IDDM in APECED patients having humoral markers of islet cell autoimmunity and/or laboratory signs of decreased insulin secretory capacity; however the low prevalence of IDDM in APECED suggests that such conditions lead to overt b-cell failure in a limited number of subjects (3, 4, 9) . This hypothesis is supported by studies on patients with unselected autoimmune polyendocrinopathies (25) ; if present, metabolic deterioration is generally slow (26) . On the other hand, no previous studies have been performed to assess the prevalence of IA2-A in APECED patients; it is important to remember that IA2 is a protein homologous to tyrosine phosphatases, and IA2-A contribute substantially to IC-A reactivity (12) . Moreover, IA2-A are associated with rapid progression to IDDM (27) .
All our hypothyroid patients were TM-A and TPO-A positive, but only two of them were also TG-A positive. In addition, two euthyroid subjects tested positive for TG-A, but we have no information about duration of this condition. While TPO-A are involved in complement-mediated injury and antibody-dependent cellmediated cytotoxicity (13) , it is still unclear whether TG-A express real pathogenicity (28) . However, these antibodies have not been extensively studied in APECED patients (4) , and thus further observations are needed.
Two out of the three AIH patients were investigated and were positive for the presence of LKM-A. As previously described in Sardinian APECED patients (11), LKM-A reacted with the CYP2A6. However, the sera from our patients reacted only in Western blotting performed under non-denaturing conditions, suggesting that conformational epitopes are predominantly involved.
The observation that some APECED patients suffer from Sjo Ègren's syndrome or other connective tissue diseases, such as rheumatoid arthritis, scleroderma and cutaneous vasculitis (3, 4) , formed the rationale for appropriate investigations in this ®eld. All but one of the tested patients were AN-A positive, although at low titre, and the SSA/SSB antigen system was mainly involved in this reactivity. However, only patients 1 and 3 were affected by a connective tissue disorder (Sjo Ègren's syndrome). AN-A have not been investigated in the largest studies of APECED patients; thus, we have reviewed 47 articles reporting from one to four APECED cases: AN-A testing was performed on 18 patients (29± 40), of whom ®ve were positive, but most authors failed to provide the method, substrate and dilutions used. It is important to remember that AN-A can be found in healthy adults, although varying percentages have been reported (41±43). Positivity is less frequent in children, even using lower serum dilutions (42, 44) . Again, HEp-2 cells are more sensitive in AN-A detection than rat sections (42, 44) . On the other hand, AN-A are frequently positive in patients suffering from IDDM, thyroid diseases or other autoimmune disorders (2) .
In summary, autoantibodies detectable in each APECED patient are the best evidence of deep abnormality in the immune system. Although their role in organ damage is not clear (2) , autoantibodies remain valuable markers of disease, especially at the onset of organ failure. Our ®ndings are in agreement with most data previously recorded in APECED patients, and are consistent with the hypothesis that non-organ-speci®c antibodies contribute to autoimmunity in this syndrome.
